Background and Objectives: To examine prospective associations of perceived attributes of local destinations and routes with middle-to-older aged adults' 4-year changes in walking for transport (WT) and walking for recreation (WR). Research Design and Methods: Data were collected from adults aged 50-64 years old, living in Adelaide, Australia. Participants (N = 454) reported weekly frequency of WT and WR at baseline (2003-2004) and follow-up (2007-2008). Attributes of local destinations and routes were based on self-reported measures at baseline and included: proximity to utilitarian and recreational destinations, the number of such destinations within 10 and 11-20 min walk from home, street connectivity, and walking paths. Generalized additive mixed models were used to examine the associations of perceived destination and route attributes with changes in frequency of WT and WR. Results: Higher levels of perceived proximity to utilitarian destinations, reporting a larger number of utilitarian destinations within 10 min walk from home and higher street connectivity were associated with more positive changes in frequency of WT. Higher levels of perceived proximity to recreational destinations and better walking paths were associated with more positive changes in frequency of WR. No curvilinear relationships were observed and baseline frequency of walking did not moderate the associations. Discussion and Implications: Proximity of utilitarian and recreational destinations, well-connected streets, and better walking paths can be supportive of long-term participation in walking among middle-to-older aged adults. Environmental and policy initiatives focusing on such destination and route attributes have the potential to support residents' aging in place.
sensory impairment (Rantakokko, Mänty, & Rantanen, 2013) . Given that age-related declines in walking mobility begin in middle age (World Health Organization, 2002) , supporting walking mobility is a relevant goal, not only for older adults but also for the middle-aged.
Habitual participation in physical activity such as walking can help maintain physical function and independent mobility (Aoyagi, Park, Watanabe, Park, & Shephard, 2009; Morie et al., 2010; Simonsick, Guralnik, Volpato, Balfour, & Fried, 2005) . For instance, a study on older women found that a higher number of pedometer steps was associated with better physical function 14 years later (Brach et al., 2003) . Another study reported associations between the level of physical activity during midlife and functional status at older age (Patel et al., 2006) . Furthermore, it has been shown that higher levels of walking by older adults are associated with reduced risk of heart disease (Hakim et al., 1999) and lower mortality (Klenk et al., 2016) . Although mobility can be maintained or enhanced through exercise programs, such individual-based approaches tend to be small in scale and have short-term effects: long-term and wide-reaching prevention strategies to combat mobility decline are required to help a larger number of community-dwelling older adults to age in place (Manini, 2013) .
The environments where people live are relevant, because they can encourage or discourage residents' habitual walking and, thus are likely to have a sustained impact on the trajectory of walking mobility at a community level (Clarke & Gallagher, 2013; Eronen, von Bonsdorff, Rantakokko, & Rantanen, 2014; Scharlach, 2017) . However, as shown in a recent review (Haselwandter et al., 2015) , our understanding about environmental attributes supporting older adults' walking is derived mostly from cross-sectional studies. It has been also shown that environmental attributes related to walking in cross-sectional analyses are not necessarily associated prospectively with maintenance of walking (Sugiyama et al., 2015b) . Further evidence from longitudinal observations is needed to better understand neighborhood environmental attributes that can assist middle-to-older aged adults to maintain their walking.
Neighborhood environments that support routine walking require multiple destinations such as shops and services in close proximity from home and easy-to-walk routes to reach such local destinations (Sugiyama, Neuhaus, Cole, Giles-Corti, & Owen, 2012) . There are a few longitudinal studies that examined how local destinations are related to changes in older adults' walking. A study conducted in Canada found the proximity to services and amenities to be conducive to older adults' walking maintenance over a 3-year period (Gauvin et al., 2012) . Studies in the United States have shown that older adults with convenient access to activity facilities (e.g., parks, walking trails) were less likely to decrease walking (Li, Fisher, & Brownson, 2005; Michael et al., 2010) . However, little is known about how access to different types of local destinations (for utilitarian and recreational purposes) is related to specific types of walking (for transport and for recreation). For route attributes, street connectivity was found to be associated with maintenance of walking in general adults (Sugiyama et al., 2015b) . It is possible that such route characteristics may be even more important for older adults due to declining mobility. However, no research seems to have examined specific route attributes prospectively associated with older adults' walking. In addition, little research seems to have examined how environmental attributes are related to long-term participation in walking among middle-aged adults.
Using data from a 4-year prospective observational study, we examined the associations of perceived attributes of local destinations and routes with middle-to-older aged adults' changes in walking for transport and for recreation.
Methods

Data Source and Study Setting
Data from the Physical Activity in Localities and Community (PLACE) study conducted in Adelaide (population: 1.1 million), the state capital city of South Australia, were used. The original aim of the PLACE study was to examine the associations between built environment attributes, in particular neighborhood walkability, and adult physical activity. Detailed methods of the study have been reported elsewhere . Briefly, residential addresses were selected from 154 Census Collection Districts (CCD, a geographical unit comprising of about 250 households) within Adelaide. These CCDs were randomly chosen from the top and bottom quartiles in neighborhood walkability, in order to maximize the variability in environmental attributes that may be related to physical activity. Walkability is a composite index consisting of residential density, intersection density, land use mix, and net retail area ratio, which were derived using Geographic Information Systems . The selected CCDs had a mean area of 31.5 ha (median: 23 ha, range: 5.2-251.8 ha).
Baseline data were collected from 2,650 adults aged between 20 and 64 years in [2003] [2004] . The baseline response rate, as a proportion of all the households initially identified, was 11.5%. Follow-up data collection was conducted in [2007] [2008] , approximately 4 years after baseline. The number of participants for follow-up was 1,036. Of these, this study focused on middle-to-older aged adults who were over 50 years old at baseline (N = 470). The Behavioural and Social Sciences Ethics Committee of the University of Queensland approved the study. All participants provided informed consent prior to being enrolled in the study.
Outcomes: Changes in Weekly Frequency of Walking for Transport and for Recreation
The outcome measures of the study were changes in weekly frequency of walking for transport (WT) and of walking for recreation (WR) over 4 years. They were derived from self-reported frequency of WT and WR, which is part of the International Physical Activity Questionnaire Long Form (Craig et al., 2003) . Participants were asked both at baseline and follow-up on how many days during the last 7 days they walked to go from place to place (WT) or in their leisure time (WR). Four-year changes in frequency of WT and of WR were operationalized by subtracting the baseline frequency from the corresponding follow-up frequency so that a positive value indicated an increase in frequency of walking across time.
Exposures: Attributes of Local Destinations and Routes
Local Destinations
Walking distance to local destinations at baseline was assessed using a scale in the Neighborhood Environment Walkability Scale (NEWS-AU) (Cerin, Leslie, Owen, & Bauman, 2008) . The scale asked participants to report walking distance to the nearest business or facility for 13 utilitarian destinations (local shop, supermarket, hardware store, greengrocer, dry cleaner, post office; library, book shop, café/restaurant, video outlet, pharmacy, professional office, and appliance store) and 6 recreational destinations (park, bushland, fitness club, sports field, beach, and river). Participants responded to each item by choosing from the following options: 1 (within 5 min), 2 (6-10 min), 3 (11-20 min), 4 (21-30 min), 5 (over 31 min), and 6 ("do not know"). Composite measures of proximity to utilitarian and recreational destinations were calculated using the NEWS scoring protocol: proximity was computed as the mean responses on the respective reverse-coded items: 1 (over 31 min or "do not know"), 2 (21-30 min), 3 (11-20 min), 4 (6-10 min), 5 (within 5 min) (Cerin et al., 2013) . We also counted the number of utilitarian and recreational destination types that were within 10 min walk from home (corresponding to reversed scores of 4 to 5) and 11-20 min walk from home (corresponding to reversed score of 3). There were four separate count variables for destinations (two destination types by two distance categories).
Routes
Two route-related measures, street connectivity and walking paths, were created based on participants' responses to items in the NEWS-AU (Cerin et al., 2008) . Participants were asked to evaluate their local area by responding to statements concerning route-related attributes. The format of response options was a scale ranging from 1 ("strongly disagree") to 4 ("strongly agree"). These two attributes were included in this study because of their relatively consistent associations with walking (Gallagher et al., 2010; Nehme, Oluyomi, Calise, & Kohl, 2016; Sugiyama et al., 2012) . Street connectivity was represented as the mean response to the following four items: local area not having many cul-de-sacs, short distance between intersections, many four-way intersections, and many alternative routes. For walking paths, the mean response to the following three items was used: footpaths on most of the streets, footpaths well-maintained, and having bicycle or walking paths nearby.
Covariates
The following self-reported sociodemographic variables were collected in the study: age, gender, education, work status (at baseline, at follow-up), marital status, having child in the household, and income categories. Educational attainment was categorized into tertiary (university or vocational education) and lower (up to high school).
Data Analysis
Generalized additive mixed models (GAMMs), accounting for clustering at the CCD level and possible curvilinear relationships (Wood, 2006) , were used to examine the associations of perceived proximity to destinations, the number of destinations, street connectivity, and walking paths with changes in frequency of WT and WR. GAMMs are versatile regression models appropriate for spatially and temporally correlated data. They can accommodate outcomes following various distributional assumptions (e.g., normal, binomial, Gamma or negative binomial) and model complex curvilinear relationships of unknown shape (Wood, 2006) .
For each walking outcome, we estimated six "singleenvironmental-characteristic" main-effect GAMMs with the following environmental variables: (a) proximity to utilitarian destinations, (b) number of utilitarian destinations within 10 and 11-20 min walk from home, (c) proximity to recreational destinations, (d) number of recreational destinations within 10 and 11-20 min walk from home, (e) street connectivity, and (f) walking paths. We also estimated fully-adjusted models for each walking outcome, in which the associations of each type of the destination variables-proximity or count (within 10 and 11-20 min walk from home)-were examined conjointly with two route attributes. Finally, we examined whether the above associations were moderated by baseline frequency of WT or WR, as appropriate. All models adjusted for sociodemographic variables (i.e., age, gender, education, income, and work status at follow-up), which were associated with either of the outcome variables in bivariate analyses (p < .1). Models accounted for clustering at the CCD level. Analyses were conducted using R (R Core Team, 2016) . Statistical significance was set at p less than .05.
Results
After excluding those with missing values for the walking frequency and destination items (n = 16), 454 participants remained in the sample. Table 1 shows the characteristics of the sample. The mean frequency of walking was 3.3 days/ week for WT and 2.6 days/week for WR at baseline. On average, a slight decrease in frequency of WT and WR was observed at follow-up. Table 2 shows the regression coefficients (95% CI) of perceived proximity to destinations, number of destinations within a certain distance from home, and route attributes in relation to changes in frequency of WT and WR. Positive coefficients (for instance, 0.5) indicate that a oneunit increment in the exposure measure is associated with an increase (0.5 times/week) in walking frequency from baseline to follow-up. Higher levels of perceived proximity to utilitarian destinations from home, a larger number of utilitarian destinations within 10 min walk from home, and more connected local streets were associated with more positive changes in weekly frequency of WT. The effects of proximity to utilitarian destinations and number of utilitarian destinations within 10 min walk remained statistically significant in the fully-adjusted models. The regression coefficient for street connectivity was attenuated in the fully-adjusted model. No significant associations with changes in WT were found for perceived proximity to recreational destinations, number of recreational destinations, and walking paths. No curvilinear relationships were observed for the associations of environmental attributes with changes in WT frequency. Baseline frequency of WT did not moderate the above associations. Figure 1 shows graphical representations of the relationships between changes in WT frequency and relevant environmental attributes. Panel A shows, in the fully-adjusted model, that participants reporting an average score ≥ 3.4 (corresponding to a distance within 6-20 min walk from home) in proximity to utilitarian destinations maintained or even increased their frequency of WT from baseline to follow-up, while participants reporting greater perceived distances to utilitarian destinations tended to engage in WT less frequently than they did at baseline. Panel B shows that participants reporting on average 6.6 utilitarian destinations within 10 min walk from home maintained or even increased their frequency of WT from baseline to followup, while participants reporting fewer destinations tended to decrease WT frequently at follow-up. Panel C shows that, in the single-environmental-characteristic model, participants reporting an average score ≥ 2.9 (corresponding to a rating of "somewhat agree" with the statements included in the scale) in street connectivity tended to maintain or increase their frequency of WT from baseline to followup, while participants reporting poorer street connectivity tended to decrease WT frequency at follow-up. Table 2 shows that higher levels of perceived proximity to recreational destinations from home and better walking paths were associated with more positive changes in weekly frequency of WR. A marginal positive association was also observed between the number of recreational destinations within 11-20 min walk from home and changes in WR frequency (p = .058). The regression coefficient for proximity to recreational destinations was attenuated in the fullyadjusted model but that for walking paths remained statistically significant. No significant associations with changes in WR frequency were found for perceived proximity to utilitarian destinations, number of utilitarian destinations, and street connectivity. No curvilinear relationships were observed for the associations of environmental attributes with changes in WR. Baseline frequency of WR did not moderate the above associations.
Environmental Attributes Associated With Changes in WT Frequency
Environmental Attributes Associated With Changes in WR Frequency
Panel A of Figure 2 shows the relationships between perceived proximity to recreational destinations and changes in frequency of WR, derived from the single-environmental-characteristic model. It was estimated that participants reporting an average score ≥ 3.8 (approximately corresponding to a distance within 6-10 min walk from home) maintained or increased their frequency of WR from baseline to follow-up, while those reporting poorer access to recreational destinations tended to decrease WR frequency at follow-up. Panel B shows the fully-adjusted (adjusted for proximity to destinations) relationship of walking paths with changes in frequency of WR. Participants reporting an average score ≥ 3.6 (corresponding to a rating between "somewhat agree" and "strongly agree" with the statements included in the scale) in walking paths tended to maintain or increase their frequency of WR from baseline to follow-up, while those reporting lower levels of walking paths tended to decrease WR frequency at follow-up.
Discussion
This study found that several perceived attributes of local destinations and routes were related to 4-year changes in the walking frequency of middle-to-older aged adults in Australia. Destination attributes that may help them maintain or increase walking for transport (WT) was proximity to utilitarian destinations and the number of utilitarian destinations within 10 min walks from home. These findings are consistent with the study by Gauvin et al (2012) and suggest that presence of local shops and services nearby may contribute to middle-to-older aged residents' walking maintenance over time. Better street connectivity is also likely to facilitate middle-to-older aged adults' maintenance of WT. It has been shown that areas with high street connectivity tend to have more local retail destinations (Koohsari, Sugiyama, Lamb, Villanueva, & Owen, 2014) and this is a potential reason for the attenuated association in the fully-adjusted model where the destination variables were included. These findings suggest that compact neighborhoods with more local shops and services and with well-connected streets (e.g., grid-type street pattern, small 
52) .006
Note: All models adjusted for age, gender, education, household income, work status at follow-up and corrected for clustering at the Census Collection Districts level. Fully-adjusted models also adjusted for other environmental variables: a Proximity to destinations, street connectivity and walking paths; b Number of destinations within 10 and 11-20 min walking distance; street connectivity and walking paths. CI = Confidence interval; WT = Walking for transport; WR = Walking for recreation.
block size, few cul-de-sacs) may support residents' aging in place by preventing decline in active travel, whereas living in neighborhoods with less destinations and poorlyconnected streets may increase the risk of mobility decline over time, as residents of such areas tend to reduce their frequency of WT.
Proximity to recreational destinations and the presence and quality of walking paths (e.g., footpaths, walking trails) were found to be related to changes in frequency of walking for recreation (WR). The presence of recreational destinations within 11-20 min walking distance from home was also marginally associated with this walking outcome. Access to recreational facilities was found to be conducive to maintenance of walking in previous studies (Li et al., 2005; Michael et al., 2010) . Our findings support these previous studies by showing that the presence of recreational destinations such as parks, sport fields, and rivers can help middle-to-older aged adults keep walking during leisure time. However, the weaker association for recreational destinations found (in comparison to the associations of utilitarian destinations with WT) may be a reflection of the importance of quality of recreational destinations, which was not measured in this study. There is evidence suggesting the importance of having a high quality park with many amenities and facilities (as opposed to having multiple low-quality parks) in attracting more park visitors (Sugiyama et al., 2015a) . Other potentially relevant attributes of recreational destinations include programs, safety, and cost (Cohen et al., 2010; Rimmer, Riley, Wang, Rauworth, & Jurkowski, 2004) . The regression coefficients and the level of significance in the fullyadjusted models for walking paths appear to indicate that better walking paths may be more relevant to maintenance of WR than recreational destinations. A natural experiment has shown that improving access to a walking trail increased the neighborhood-level physical activity (Fitzhugh, Bassett, & Evans, 2010 ). An Australian study found that access to parks was significantly associated with recreational walking only among participants without access to walking trails, which suggests that access to parks may not contribute to recreational walking for adults having walking trails nearby . These studies support the importance of high quality walking paths (e.g., walking trails separate from motor vehicles) for recreational walking. Providing a network of walking paths/trails may encourage habitual participation in recreational walking among middle-to-older aged adults.
This study examined possible distance thresholds for utilitarian and recreational destinations within which maintenance of walking may be facilitated. Participants having more utilitarian destinations within 10 min walk from home were more likely to maintain/increase the frequency of WT, while those having more recreational destinations within 11-20 min walk from home were more likely to maintain/increase the frequency of WR (the association was marginally significant). The findings appear to be plausible, considering that WR tends to be longer in duration compared to WT (Tudor-Locke, Bittman, Merom, & Bauman, 2005) . However, the results of the proximity measures (Figures 1 and 2) suggest otherwise: the distance threshold within which walking maintenance may be facilitated seems shorter for WR than for WT. Better understanding of how far people would walk to get to various types of destinations is important for urban designers and planners to make informed decisions with regard to the size of neighborhoods and distribution of land uses for various purposes (Koohsari, Badland, & Giles-Corti, 2013) . This study did not produce clear findings about the distance to recreational destinations that would support long-term participation in recreational walking. Identifying the distances that would be more likely to encourage habitual walking among residents would be useful for planners to design or retrofit neighborhoods conducive to active living. Further research using objectively-measured distance to local destinations is needed to identify the distance threshold.
We did not observe curvilinear associations, suggesting that any additional local destinations or improvement in route characteristics is likely to have a positive impact on middle-to-older aged residents' long-term participation in walking. It was also found that the baseline frequency of walking did not moderate the associations observed. This suggests that having more local destinations and better route characteristics may assist walking maintenance regardless of the level of walking at baseline. It should be noted that no change in walking frequency, which was regarded as maintenance, included those who did not walk both at baseline and at follow-up. The findings can be interpreted as showing that more local destinations and better route characteristics may help them initiate walking. There are conceptual and methodological challenges in examining behavioral maintenance. Future research needs to include more than two assessments across time (three or more time points) to provide further insights into correlates of walking maintenance.
This study identified several environmental attributes that may be modified to promote middle-to-older adults' longterm participation in walking. Focusing on the effect size, it is possible to argue that increasing utilitarian destinations and enhancing walking paths may be effective environmental interventions to encourage them to maintain walking. However, it is important to recognize that some environmental attributes are easier to modify than others. Although having more utilitarian destinations nearby can contribute to maintenance of walking for transport, it would not be easy to add shops and services in existing neighborhoods. In contrast, improving the quality of walking paths, which can be done by a local government, would be relatively easy to implement (Rodríguez, Aytur, Forsyth, Oakes, & Clifton, 2008) . Thus, for existing neighborhoods, improving and building walking paths is likely to be a practical strategy to help residents continue their walking. For newly-developed neighborhoods, spatial and land use planning needs to take into account access to destinations (availability and distance), street network, and walking paths to encourage residents' habitual walking for transport and for recreation.
Some middle-to-older adults relocate after retirement or after their children leave home. According to an Australia report, 28% of adults aged 55-64 years and 25% of adults aged 65 years and older relocate to downsize their residence (Judd, Bridge, Davy, Adams, & Liu, 2014) . This relocation is relevant to the subsequent trajectory of mobility decline: moving to areas that do not support walking could result in an early onset of mobility decline. Our findings can inform local governments, developers, and advocates in identifying areas where middle-to-older aged adults are more likely to reduce their walking. For instance, living in retirement villages built in car dependent areas (poor in access to local destinations and in route characteristics) may accelerate residents' mobility decline over time due to reduced walking. More specific evidence is needed to assist the development of guidelines with regard to suitable locations where residents can maintain walking and age in place.
The strengths of this study include its longitudinal design and the use of specific types of walking and destinations. Limitations include the possible sample selection bias due to the low response and high attrition rates. The outcome was derived from the self-reported frequency (days/week) of walking, which is relatively easy to recall but may not reflect the duration of walking. The use of self-report measures for environmental attributes is another limitation. The measure of local destinations was based on the perceived distance to the closest destination for each of 19 different destination types, which may not necessarily reflect the total number of destinations within the local area. Further research using objectively-measured number of and distance to local destinations is needed to confirm our findings. In light of the potential importance of walking paths in existing neighborhoods, more robust evidence using objectively-derived route attributes would help convince policy makers and practitioners to improve and build footpaths and walking trails to facilitate long-term participation in walking.
Conclusion
Given a rapid population aging in many developed countries, supporting the mobility of older adults to help them maintain independence is an urgent issue. An increase in the number of older adults with impaired walking mobility and requiring residential care would further increase public expenditure in aged-care sectors. This study suggests that environmental initiatives focusing on local destinations and routes have a potential to mitigate this concern. Further evidence on environmental factors conducive to maintenance of walking needs to be generated and synthesized in order to inform relevant stakeholders.
